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ABSTRACT 
Air pollution caused by coal energy production is a very serious environmental 
problem in China, which has been led to heavy negative effects on social, economic and 
health. To minimize air pollution produced from coal combustion problem in China, we 
have to find some better methods, which have environmental benefit meanwhile can be 
offered by Chinese current economic capacity.  
Therefore main research question of the project is trying to find out the acceptable 
technologies that possibly can gain a good environmental performance, without require 
larger investment. Life Cycle Assessment was used as a tool to find out that coal 
combustion is the main problem in coal energy production chain. We introduced the 
China’s coal combustion situation and presented some available technologies can be 
used in China. Followed by the environmental management of Eco-efficiency, which 
involves both ecological and economic factors, discussion about the possibilities of 
applying those techniques in China is based on economic, environmental, and social, 
policy concerns.  
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Chapter One: INTRODUCTION 
 Environmental pollutions caused by human activities and energy consumption 
among the industry production have been very serious matters in the present society, 
such as pollutions caused by coal energy production and consumption process, disposal 
of hazardous wastes in the natural field and the harm on the natural ecosystem from 
pesticides and fertilizers applications. The dramatically increased environmental 
pollutions that come from toxic components in the air, soil and water have led to very 
serious environmental health harms and human diseases. For reducing of those impacts, 
many studies on the environmental pollutions are carrying on. Those studies are mainly 
focus on the reasons of pollution and the methods to prevent or minimize the damage on 
the environment, which is leading industry production to be a sustainable development. 
One of the important studies is the coal industry impact on the natural environment. 
Coal is one of the most prevalent supply energy because of the broad usage and the 
enormous storage. It is mainly used as fuel for electricity generation, industrial and 
residential usage. The air, water and soil pollutions from coal production and 
consumption processes are very serious, which badly damage not only to the 
ecosystems, but also human’s health.  
Sustainable development is based on three elements, which are economy, ecology, 
and society. According to coal production, economy value is obvious which is explained 
later in report, and the society demand is also huge. The estimated data shows that the 
coal consumption still increases by 74 percent from 2004 to 2030, and the energy 
consumption in the world will increase to 28 percent in 2030 compared the share of 26 
percent in 2004 [IEO 2007]1. Coal will still play a significant role in nowadays society 
due to the pressures from the energy demand; the core problem is ecology impacts as 
mentioned before about environment pollution. To be a sustainable development is 
necessary way to advance coal production and consumption currently; prevention and 
reducing environment issues will be the precondition. This report is going to research 
                                                        
1 IEO. International Energy Outlook 2007. Energy Information Administration homepage: http://www.eia.doe.gov/ 
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some methods both in technique renovation and management concepts to decrease 
pollution during coal production chain under Chinese situation. 
 
1.1 PROBLEM FIELD  
Coal is a very important raw material for energy production, the primary energy 
source for electric power with 50% of the annual coal output used for power generation, 
and one of the most important factors of economic and social growth in China. There 
are some elements that determine why coal is still dominating the fuel consumption area. 
One of the main reasons could be simply from economic viewpoint, because of its 
commercial benefits, which are the lower price and stable cost comparing to other fuel 
sources such as natural gas and oil. This reason will lead to a marketing competitive 
advantage in the industries. Moreover its wide variety of sources and reliable supply 
chain are two other important reasons for its high consumption rate [WCI 2007]2. The 
coal-fired generation makes up 74% of the total power generation of China, so it is the 
major power source in the country3. In addition, China is the largest coal producer (2.2 
billion short tons in 2004, short ton is a unit of weight equal to 2000 pounds, 0.907 
metric ton or 907.18 kilograms, also called net unit
4
.) and consumer (2.1 billion tons in 
2004) in the world; and it also produced 243 million tons of coking coal in 2006, 
accounting for 53 percent of the world’s total production5. The Chinese coal demands 
will affect the world trend in many ways, containing the price in international market, 
global environment impact, ecology effect, climate systemand so on. For instance, 70 
percent of the smoke and dust in the air, 60-70 percent of the carbon dioxide emission in 
the recent years and 90 percent of the sulfur dioxide emission all come from burning 
coal in China.6 Lots of concentrated industries and populations’ cities suffer from 
serious air pollution for this reason. “To produce every ton of coal in China, more than 
                                                        
2 WCI. World Coal Institute. Homepage http://www.worldcoal.org/index.asp 
3 Lu Youmei, Hydropower and Sustainable Development in China, Oct 2004 
4 The free dictionary by farlex, http://www.thefreedictionary.com/ton  
5 Hou Yanli and Hu Min, China and Her Coal, World Watch Magazine, Dec 2006 
6 Information Office of the State Council of the People's Republic of China, Jun 1996, Beijing, Environmental 
Protection in China 
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2.5 tons of water is polluted,” says Hu Min, program officer at the Beijing office of the 
Energy Foundation. She also says. “According to the World Health Organization, of the 
20 most polluted cities in the world, 16 are in China.”
7
 
And the recent news shows that “Acid rain has occurred, and the situation has 
gone from bad to worse in some regions and cities. And the acid rain is mainly in the 
areas south of the Yangtze River, in regions east of the Qinghai-Tibet Plateau, and in 
the Sichuan Basin.”.
8  
A new study published in the Journal of Geophysical Research which is 
“Climate-altering pollution from China is traveling across the Pacific Ocean and 
ending up on the West Coast of the United States.”
9
. A number of cases direct how 
serious pollution situation in China is and the hazard of global environment; therefore, a 
sustainable way of the energy production is the main program in China during the recent 
years. Use of renovated technologies and environmental friendly management concepts 
is the core method for China to control and decrease air pollution and acid rain and to 
achieve sustainable development.  
 
In the project, the concepts of eco-efficiency and LCA will be introduced in 
methodology part (Chapter 2). In investigation part (Chapter 3), coal energy production 
chain will be described at the first; most important events in the chain that can affect 
environment seriously is coal consumption process, which can cause air pollution by 
CO2, SO2 and particulate matters emission, and so on. Air pollution is the most 
conspicuous issues in coal combustion operation of power generation. And the main 
reason of these kinds of situation is the lower combustion efficiency in many Chinese 
coal-fired plants. Secondary, some current common China’s coal burning techniques and 
national condition will be presented. Thirdly, some retrofitting technologies are going to 
                                                        
7 Shailesh Palekar, Asia likely to remain dependent on coal, 30th Nov 2007 
http://www.climateark.org/shared/reader/welcome.aspx?linkid=88866 
8
 Information Office of the State Council of the People's Republic of China, Jun 1996, Beijing, Environmental 
Protection in China, http://www.lawinfochina.com/Wbk/displayModeTwo.asp?id=11&keyword=  
9 Alana Herro, Chinese Air Pollution Crosses Pacific, Reaches Western United States, Apr 2007, 
http://www.bluemoonfund.org/news/news_show.htm?doc_id=472228 
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be introduced. In Chapter 4, discussion is based on the eco-efficiency concepts, 
combining economic, technological and environmental aspects, to analyze those 
possibilities of using the retrofitting techniques in China. Also the Chinese social and 
policy situation will be considered during the analysis. After these, it is going to Chapter 
5: conclusion, which will give some integrated answers for the problem formulation 
presented below.  
 
1.2 PROBLEM FORMULATION 
There are many negative environmental impacts via the coal energy production 
chain (Production, transportation, combustion and wastes); this project would try to 
answer the questions below: 
What are the common environmental problems caused during the coal energy 
production chain?  
What is the main problem in the coal energy production chain?  
How is the situation of coal combustion in China? 
What are the available technologies to minimize the main problem? 
What are the characteristics of those technologies? 
What are the restrictions to apply those technologies? 
What is the best one under the Chinese current economic situation? 
Based on these questions, our problem formulation is to find out the acceptable 
available technologies to reduce air pollution problem in coal combustion for 
coal-fired power generation in China. 
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Chapter Two: METHODOLOGY 
Because the project will focus on the reduction of environmental problems 
through the chain of coal energy production, especially on the coal production and 
combustion parts, thus some related environmental assessment methods and theories 
will be used as the tools to analyze and discuss in a scientific aspect; also they can 
provide the knowledge that how to work on the environmental problems. The possible 
methods and the theories can be applied in project that would be Life Cycle Assessment 
(LCA) and Eco-efficiency. LCA provides the basic information on the whole chain of 
coal industry, and the application of Eco-efficiency in coal combustion process aims 
increasing burning efficiency with minimized environmental negative impacts. Below 
are more detailed descriptions of each method in relation to the topic. 
 
2.1 LCA 
 LCA is an assess tool to evaluate the environmental impacts of a product 
through its life stage from production to ending [AU.DEWR.2007]10 
 
Fig 111: The general illustration of LCA 
 
LCA is able to measure a specific product’s environmental impact on its use of 
raw materials, transportation, consumption and the wastes produced. Through the 
                                                        
10
 Australian Government ,Department of the Environment and Water Resources, LCA Cycle Assessment  
http://www.environment.gov.au/settlements/industry/corporate/lca.html 
11
 Fig 1 source: Life Cycle assessment,  
http://www.scienceinthebox.com/en_UK/sustainability/lifecycleassessment_en.html 
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measurements, we are able to evaluate what are the environmental inputs and outputs in 
the life cycle. There are five steps to approach LCA, including planning, screening, data 
collection and treatment, evaluation and improvement assessment. The step of planning 
is the most important, it has a directly influence on the final result of the application of 
LCA.12 The application of LCA will reduce the environmental impact on the production 
and consumption processes of a product. And in coal industry it will provide detailed 
life route of coal from its production to end life, this will enable us to define the scopes 
that we need to focus on.  
 
2.2 ECO-EFFICIENCY 
The definition of Eco-efficiency described by The World Business Council for 
Sustainable Development as the increased production efficiency with minimized 
environmental negative impacts, the initial objects of eco-efficiency are increase the 
value of a product, the best use of natural resources and decrease negative 
environmental impacts [IDUSTRY CANADA] 13 .  Eco-efficiency includes seven 
elements as showed below. 
 
Fig 214: Elements of Eco-efficiency 
                                                        
12 PRé Consultants, The Netherland, http://www.pre.nl/ 
13 Industry Canada, Eco-efficiency, http://strategis.ic.gc.ca/epic/site/ee-ee.nsf/en/Home 
14 Fig 2 source: What is eco-efficiency,  
http://www.solvayhse.com/discoverycorner/whatisecoefficiency/0,,1600-2-0,00.htm 
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The approach of Eco-efficiency will start from the reduction of use natural 
resources and materials; this element will lead to the next two elements of saving energy 
in production process and emit less harmful substances. The fourth element will be 
increasing the recycle possibilities, which has a consequence, related to the first element 
of saving natural resources. The next two elements are using renewable resources as 
much as possible and increasing the durability of products, which can prevent both 
natural resources is used and emission of toxic substances into atmosphere. The last 
element is trying to use more efficient products. These seven elements are correlative 
with each other, and the whole system functions, which could achieve the concept of 
Eco-efficiency to create more and spend less. The purpose of applying Eco-efficiency 
on coal combustion process is to gain higher energy generation efficiency with less 
environmental negative impacts, and attempt to reuse or recycle the wastes produced 
from the coal combustion process. 
LCA and Eco-efficiency are two basic environmental assessment and 
management strategies applied in industrial production process, their common purposes 
are to achieve the goals of increasing environmental performance and decreasing the 
demand of natural resources. And we hope the application of those two methods in the 
coal industry chain would be a good choice for our coming work. 
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Chapter Three: INVESTIGATION  
 
3.1 GENERAL COAL ENERGY PRODUCTION CHAIN 
The environmental issues in the coal energy production chain are very serious. 
Since Coal energy production chain has a very broad scope, the environmental problems 
are different from one area to another; still they have correlations with each other. For 
example, coal wash process will affect the coal combustion efficiency and coal 
combustion efficiency will determine how much pollution output. Despite of the broad 
scope of the chain, we can use LCA to determine its main route and the role of each part 
in an environmental performance aspect. The life route of coal energy production chain 
is mainly consisting of four main parts; there are coal production, transportation, 
combustion and waste. The information from analysis of environmental impact of each 
part can clearly show us which part is the most notable area. Then we can look into the 
specific part of the life cycle, and try to find out the possibilities to reduce the problem.   
   
Fig 3: Life cycle of coal energy production chain 
 
 
From the figure above, we can see in the coal energy production chain, each of 
the part requires energy input meanwhile produce waste. 
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3.1.1 PRODUCTION 
The main harmful activities during the open pit mine production are: 
“·Removing vegetation and top soil 
·Drilling and blasting overburden 
·Removing overburden and ore 
·Transporting and stockpiling overburden 
·Extracting transporting and dumping ore 
·Crushing ore 
·Ore benefaction 
·Workshop operations; and 
·Rehabilitation”15  
It is obviously that the main effect via the production process is about the 
overburden and ore. These materials are mainly dropped centralizing the washing 
process during the washing procedure. 
Firstly, the behavior of open the mine destroys the ecosystem and landscape 
completely. Even though the rehabilitation is the final step of mining process, there are 
still some problems existing; such as upper flexible, surface sinking and so on. 
Secondly, washing coal process affects the water resource directly. Coal washing 
is targeting on removing the foreign contaminants such as timbers, rocks and other 
objective materials to increase the coal quality. The water is pumped from surface water 
or ground water depending on coal mine location. Waste water is always separated back 
to the resource together with solid wastes and some chemical sediment. 
The figure below focus on the steps of clean production could be a general 
method to find out what could be done to reduce the water pollution. 
                                                        
15 National pollutant inventory(NPI) reporting, commonwealth of Australia 2001, ISBN: 0642 547009, Emission 
Estimation Technique Manual for Mining, Version 2.3 
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Fig 416: Steps to sustainability 
 
Pollution prevention is the first step that it could be seemed as the basic object of 
water usage. There is not only physical pollution but also some chemical substances 
such as flocculants during the flotation process. Through the washing process, 
substantive solid materials could be mixed with water, and some chemical elements are 
also dissolved in water. Whatever if these polluted water distributes to surface water or 
infiltrate into ground water, these contaminations can be stored in the soil to impact the 
water resources for a long period. So the third step of figure 4 is explained as “martial 
reuse and recycling – just like nature does”. What the manufacturer could do is to reuse 
the water to wash the original coal maximum and distribute the water after disposal. At 
the same time, water reusing is also an efficiency way to decrease the water 
consumption. 
                                                        
16 Fig 4 source: Clean production, http://www.cleanproduction.org/StepsChart.html 
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Fig 517: Extension of Producer Responsibility. 
 
Fig 5 could be regarded as the responsibility of coal producers to deal with 
polluted water. The producers should obey this process grimly to solve the 
environmental problem produced by their activities. The technique to recycle water is 
not so complicated and expensive. It is easy to set up several filters, deposit equipments 
and tanks to release the objective materials from the water. Then the water could be 
recycled to wash the raw coal again, and the materials could be dried by the solar energy. 
They could be also used for the rehabilitation after mining.  
 
3.1.2 TRANSPORTATION 
Most amount of coal is carried to its end use destination by rail. A number of 
mine fields are away from rail facilities, therefore road transportation is used. Generally 
speaking, trucks are used mostly for shorter hauls to the port or rail loading facilities. 
The industries are trying to reduce the environmental negative impact by selecting, 
where possible, the least inhabited routes and by improving vehicle safety, noise and 
cleanliness. The environmental impact of coal transportation is also connecting with 
water usage and spillages mostly. Water is using for removing dust during the wash of 
                                                        
17
 Fig 5 source: Extension of Producer Responsibility, http://www.cleanproduction.org/popup.eprdiagram.html 
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transport equipment. The wastewater is from water sprays used to suppress dust during 
the transport and storm water runoff. Spillages will occur from rail cars, and wharf 
transfer points.  
According to Chinese situation, most amount of coal is carried to its end use 
destination by rail. To reduce its strained supply, China's railway authority has urged 
local railway departments to make every effort to ensure coal transport remains 
unhindered. For increasing coal transport capacity, the associated upward pressure on 
domestic coal prices, various capital expenditure projects on port and rail facilities will 
be established. And power-generating departments also must try to break the bottleneck 
of limited rail resources through building special lines for coal transport.  
The rail system remains close to saturation, shortfall supply of coal is not just one 
problem in China, but also others supplies are lacking. In fact, the nation's rail network 
felt great pressure in past, when large amounts of farming materials such as grains, 
seeds, fertilizers and machines were in need of transport. 
Coal supplies could not reach all the end users caused by an inadequate transport 
rail network. Increased demand of transport is from all sectors that are under a strong 
economic growth, which strained an already overstretched rail network. On the other 
hand, the ability limitation of planners to switch rail allocation is also a major cause of 
coal shortages and power utilization in some regions of China. 
For elevating coal supply efficiency, a number of solution projects about coal 
supply are established. Such as adding rail links between main supply fields and main 
demand areas. Speeding up the railways to improve transport efficiency is also an 
important method as mentioned before. Related with environment issues, rationalized 
organization of project operation is a good way to consider environment protection 
while reduces the shortage condition. Seeking a least inhabited routes and by improving 
vehicle safety, noise and cleanliness as possible.  
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3.1.3 COMBUSTION 
Coal combustion is the process of which the light and heat is produced when coal 
is burned at very high temperatures18. It is the most important part in the coal energy 
production chain. The processes mostly take place at different scale of power facilities. 
At the power plants, coal is burned together with some other processes (energy 
generation and energy distribution) which can achieve the transformation of coal into 
energy consumption; the energy produced from the combustion process can be used for 
electricity and heat production or other purposes.  
 
Fig 619: Illustration of the transformation of coal into energy 
However the coal combustion process generates energy, meanwhile it also causes 
some heavy pollution during the process. The pollutants produced from the process 
include particulate emissions, NOx emissions, SO2 emissions and carbon dioxide 
emissions. Those pollutants seriously affect the environment and human health in 
different ways.  
                                                        
18 Karen Berman, Felicia Rau, Dave Green, and Mack Schmalzle, Coal combustion and SO2, NOx and particulate 
emissions, http://www.personal.psu.edu/users/f/k/fkr100/coal_combustion.htm  
19 Fig 6 source: Uses of Coal, http://www.uky.edu/KGS/coal/uses_of_coal.htm 
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3.1.3.1 PARTICULATE EMISSIONS 
Many small particulate matters are released and emitted into atmosphere in the 
coal burning process. Those particulate matters are very harmful to the natural 
environments especially on the human health. They are mixed into the air, which can 
seriously affect air quality as well as local visibility and produce dust. If people inhale 
the polluted air, the particulate matters will damage their respiratory systems and cause 
respiratory diseases, damage plants and affect their growth.20 
 
3.1.3.2 NOX EMISSIONS 
NOx emission is one of the main toxic gases released from coal combustion 
process. It is the oxides of nitrogen, which are produced during coal combustion process 
at power plants. The environmental effects of NOx include its contribution to acid rain; 
the development of smog in the air and increase ground level ozone; it is also the main 
component of greenhouse gas. The effects of NOx on humans include damage 
respiratory systems such as irritate of nose, throat and lungs. The effect on plants is to 
restrain plants growth. It is also capable to decrease local visibility. 20 
  
3.1.3.3 SO2 EMISSIONS 
SO2 emissions are together with NOx emissions in coal combustion process, 
because the coal contains elemental sulphur. It is a gas without color and odor. The most 
important feature of SO2 is that it can be transformed into SO4 through some chemical 
reactions; SO4 also can be removed by some depositions from atmosphere. The main 
effect of SO2 on human and animals is destroying their lungs function; in some cases the 
SO2 causes death to human and animals. The effects on plants include restraining plants 
growth and cause death to some crops such as alfalfa, cotton and barley. It is also the 
one of the main components of acid rain.20 
 
 
                                                        
20 Michael L. Mckinney & Robert M. Schoch, Environmental Science, ISBN 0-7637-0918-2(alk paper), Chapter 16.  
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3.1.3.4 CO2 EMISSIONS  
Coal contains carbon elements. So when coal is burned, it will react with oxygen 
to produce carbon dioxide. In recent years, it has been added 5.5 billions of metric tons 
of carbon dioxide into atmosphere per year by burning fossil fuel. 20 And the amount of 
carbon dioxide produced from coal energy production to be believed as the largest 
contributors after 2010 in a global scale21. Below is the figure shows the world carbon 
dioxide emissions tendency from 1980 to 2030.  
 
 
Fig 722 World carbon dioxide emissions by fuel type, 1998-2030 
 
The significant effect of carbon dioxide is the greenhouse impact. Greenhouse 
gases mainly consist of carbon dioxide, methane, chlorofluorocarbons and nitrous oxide. 
But carbon dioxide is the main component of greenhouse gases, it is occupied more the 
70% of the total amount of greenhouse gases. And the risk of global warming caused by 
greenhouse gases has been a seriously challenge of human further development. The 
main effects of global warming include the changes of climate and frequency of natural 
disaster, melting of glaciers and the increase of sea level, the effect on the biosphere. 
The controlling of the emission of carbon dioxide into atmosphere is the main way to 
reduce global warming effects. 20 
The analysis of the combustion part in coal energy production chain has provided 
                                                        
21 source United States EPA http://www.epa.gov/airnow/ & http://www.solcomhouse.com/Pollution.htm  
22 Fig 7 source: Pollution, http://www.solcomhouse.com/Pollution.htm  
 China’s Coal-Fired Power Plants And Environment 
- 17 - 
 
a very clearly impression of its negative environmental impacts. The combustion of coal 
is vital part in coal energy production chain with aspect to environmental concerns. 
However there are some theories and advanced technologies, which developed in recent 
years to increase the coal combustion efficiency and decrease its negative 
environmental impacts. But the different economic level throughout the world may have 
important influence on choosing the technologies in some countries.   
 
3.1.4 WASTES 
After combustion, there two levels of wastes: high value wastes and low value 
wastes. High value wastes are produced directly from the coal combustion and low 
value wastes are formed during the equipment maintenance. The primary high value 
wastes are almost in solid quality.  
The principal solid wastes from modern coal fired plant are fly ash (pulverized 
fuel ash - PFA) and bottom ash (furnace bottom ash - FBA), boiler slag and Flue Gas 
Desulphurization Material (FGD).  
The PFA has acted as the retarder to delay the progress of the concrete’s strength 
for a long time because of its characteristic. The main material of fly ash is calcium 
hydroxide and it will react with water to produce cementitious compounds in the normal 
temperature. The bottom ash has a porous surface structure. It is also light and angular. 
That means it could be used as some lightweight concrete products and cement. It is 
also an economical stuff for road bases, sub-bases, and pavement. The boiler slag comes 
from the cooling water deposit. The grain’s size is unification and the grain’s quality is 
hard. The applications of boiler slag could be detonator component, roof material, filler 
of asphalt road, concrete and other construction materials. The FGD material is a kind 
of wet or dry powdered matter depends on the process of reducing SO2 emission. Both 
of them could be used on structural applications especially on concrete. 
(Source: About Coal Combustion Products, http://www.epa.gov/epaoswer/osw/conserve/c2p2/ccps/index.htm) 
The low value wastes are in a liquid quality and they are generated in much 
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smaller quantities compare with high value wastes, even many power plant maintain the 
facilities once every 2 to 3 years.23 
 
3.2 CURRENT COAL COMBUSTION SITUATION IN CHINA  
As mentioned before, coal-fired generation makes up 74% of the total power 
generation in China, it is the core electricity power source, and coal will still be the 
main primary energy in China up to 2050 (50% or more); however, lots of 
environmental issues are caused by coal combustion. The present coal combustion 
situation of China can be related with several areas: environmental impact, 
technological development, economic cost, health effects, national policy, and so on.  
 
3.2.1 ENVIRONMENTAL IMPACT 
The most serious issue caused from coal-fired power generation is air pollution. 
Such as CO2, SO2 and NOX emission, generally speaking, burning 1 ton of raw coal 
(equivalent to 0.7~0.8 tons of standard coal) will gain 2.49 tons of CO2 emission, 0.075  
tons of SO2 and 0.037 tons of NO (contributing to acid rain) in Chinese power plants.
24 
Annually, Chinese consumption of coal is about 1.4 billion tons, and this number 
continues to rise as primary energy consumption (5.4 percent annually from 1980 to 
1996).25 As Fig 8 indicates, coal consumption has been increasing rapidly in China.  
                                                        
23 DIANE Publish Company, Managing Industrial Solid Wastes, ISBN 0788120905) 
3.1.4 Wastes reference : About Coal Combustion Products, 
http://www.epa.gov/epaoswer/osw/conserve/c2p2/ccps/index.htm 
24 3. Lu Youmei, Hydropower and Sustainable Development in China, Oct 2004 
25
 Chinese Academy of Engineering, Chinese Academy of Sciences, National Academy of Engineering, National 
Research Council, Urbanization, Energy, and Air Pollution in China: The Challenges Ahead -- Proceedings of a 
Symposium, ISBN-10: 0-309-09323-6,ISBN-13: 978-0-309-09323-1. 
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Fig 826: Coal consumption in recent years in China  
 
In 2005, coal consumption for industry is 93.5% of total consumption in China. 
And most of them are used to generate electricity. Then the total emission of pollutant 
gases is very huge. In the introduction part, those case shows how serious the situation 
is in China directly.  
Between 1954 and 2001, the amount of sunlight reaching the ground in China fell 
dramatically although regional cloud cover is trend to decrease, because of the pollution; 
and a new study published in the Journal of Geophysical Research shows that pollution 
from China is travelling across the Pacific Ocean to arrive at American west coast. 
Although this amount of transported soot according to China domestic pollution is a 
small number, the atmosphere which 2 kilometers above the surface will be impacted 
mainly by this soot, especially in the Pacific region. This impact drives much of the 
Earth’s climate.27  
There is another new study indicates that over the last several decades, the large 
amount of soot and other air pollutants can changing in precipitation and temperatures, 
which could be a tendency factor for increasing floods and droughts in China and other 
                                                        
26 Fig 8 source: Committee on Energy Futures and Air Pollution in Urban China and the United States, National 
Academy of Engineering and National Research Council in collaboration with Chinese Academy of Engineering and 
Chinese Academy of Sciences, Energy Futures and Urban Air Pollution: Challenges for China and the United States, 
ISBN-10:0-309-11140-4,ISBN-13: 978-0-309-11140-9, Pg 50. 
27 Alana Herro, Chinese Air Pollution Crosses Pacific, Reaches Western United States, Apr 2007, 
http://www.bluemoonfund.org/news/news_show.htm?doc_id=472228  
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Asian regions. The study result is that “black carbon or soot can affect regional climate 
by absorbing sunlight, heating the air and thereby altering large-scale atmospheric” the 
journal Science.28  
 
3.2.2 COMMON CHINESE COAL COMBUSTION TECHNOLOGY 
Coal is the major material used in power generation plants widely to produce 
electricity and heat in China. There are lots of combustion technologies that have 
variable impacts on the environment. Here is giving some of the main processes, and the 
relationship with pollutant gases emissions. And the Tab 1 below presents the 
development of Chinese installed power capacity and power generation in recent years. 
It is easy to know that thermal power is the core type of power in China’s electricity 
supply system. It means coal combustion technologies play an important role in China, 
because the power produced by these burning techniques is large percent of total power, 
and the annual growth is also high than other type of power generations.   
Tab 129: The development of Chinese installed power capacity and power generation in 
recent years  
 
                                                        
28 National Aeronautics and Space Administration (NASA), Goddard Institute of Space Studies, Sep 26, 2002 
29 Tab 1 source: Chinese Power Enterprise League, 2004 
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Though China’s installed power capacity and power generation both have been 
increasing in recent years, coal as the most dominate fuel resources in thermal energy 
production, the energy generation efficiency is still bit low. The table below shows the 
units of the different coal fired power plants capacity and their energy generation 
efficiency.   
 
Tab 2, Chinese coal-fired power plants energy generation efficiency30 
 
 
 
3.2.2.1 PULVERIZED COAL (PC) COMBUSTION  
Pulverized coal combustion literally means burning milled coal. The coal is 
pulverized to a fine powder, and then the coal powder is blown with air into the boiler 
installation through a series of burners. Combustion occurs at temperatures between 
1300-1700 . When steam is generated and it drives a steam turbine which is connected 
with a generator, the electricity will be generated followed. 31  Pulverized coal 
combustion is a common technology used over 90 percent in coal-fired power plants 
worldwide. There are also many power plants using PC combustion in China. This 
technology is fit for lots types of coals, especially for low ash coal, but not always 
appropriate for high ash coals. The main equipment of PC plants is called subcritical 
boiler, which is used widely in China. The average thermal capacity of subcritical plants 
is between 300MW to 600MW. And the high combustion temperature will cause NOX 
formation, which is together with SO2 and CO2 released in the flue to atmosphere. 
                                                        
30 Tab 2 Source: Zhongyang Luo, Research on CO2 Control, Zhejiang University. 
31 VTT Technical Research Centre of Finland, Pulverised coal combustion, 
http://www.vtt.fi/palvelut/cluster7/topic7_3/energia_taso3_item5_PC.jsp?lang=en  
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According to the reference32, a 1% efficiency increase can reduce specific CO2, 
NOX, and SO2 emission by 2%. China has been focused on adopting supercritical 
technology from abroad. This type of supercritical plants using poor quality coal can 
also have thermal efficiency in the 43-45 percent ranger; according to older subcritical 
plants just have thermal efficiency as low as 30 percent. Henan Qinbei power plant has 
a capacity of 600MW, which is a supercritical coal-fired plant technology and has been 
operating since late 2004. Zhejiang Yuhuan is another domestic supercritical 
demonstration plant with a capacity of 1000MW, which is being built. 
 
3.2.2.2. FLUIDIZED BED COMBUSTION (FBC) 
Fluidized bed combustion is considered as a clean coal technology. Comparing 
with PC combustion, the burning temperature is at 800-900, less NOX formation. In 
this process, another advantage is that the flue gas is brought into mixture with 
sulfur-absorbing materials like limestone, 95% of sulfur being captured inside the boiler 
without an extra control. Between 1985 and 1995, this technology was adopted in 
hundreds of small units in China although less than 2% of the world total coal-fired 
power use.  
 
 
in rest in temperature up in combustion  
   
 
 
                                                        
32
 World Bank. 2006b. Water, growth and development. Paper presented at the fourth World Water Forum, Mexico 
City, March 2006. 
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Fig 933: The principle of FBC incinerator 
 
This figure above shows the principle of FBC incinerator. Incombustible material 
is sulfur-absorbing materials like limestone. It is put on the bottom of the installation as 
bed materials.  
 
3.2.2.3 CIRCULATING FLUIDIZED-BED COMBUSTION (CFB) 
CFB is one kind of pressurized FBC, “CFB technology has the potential to 
improve operational characteristics by using higher air flows to entrain and move the 
bed material, and reticulating nearly all the bed material with adjacent 
high-exchanger.”
34
 In China, CFB might be one of the most important power 
generation technologies. Although it is still in the demonstration phase, some 
advantages have already been showed comparing with other technology, such as lower 
costs than PC or IGCC plants on pollution controls, and it has higher demonstrated 
(40-42 percent) thermal efficiency than PC plants. But the initial cost is higher than the 
cost range for a PC plant. 
In the 1980s, CFB boiler was first presented in China. Less than 200MW CFB 
boilers are already used at the industrial scale. And a CFB boiler demonstration project 
with capacities 300MW is under construction at the Neijiang Baima power plant in 
Sichuan. 
                                                        
33
 Fig 9 source: Babcock-Hitachi K.K. 2003-2007. All rights reserved. Environmental system, Fluidized bed 
incinerator, http://www.bhk.co.jp/english/3environment/incinerat/inc1.html 
34 Committee on Energy Futures and Air Pollution in Urban China and the United States, National Academy of 
Engineering and National Research Council in collaboration with Chinese Academy of Engineering and Chinese 
Academy of Sciences, Energy Futures and Urban Air Pollution: Challenges for China and the United States, 
ISBN-10:0-309-11140-4,ISBN-13: 978-0-309-11140-9  
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Fig 1035: CFBC generation system 
 
The figure above presents one type of the CFB combustion system. Some 
fluidizing mediums like silica sand are blown upward by the combustion air from the 
bottom of the riser to the top. And the gas velocity is very high in the incinerator. The 
ash and the sand are separated, because of the difference in specific gravity and particle 
size. The sand falls into the loop seal to return to the furnace, and the ash is sent to the 
flue-gas-treating unit with the exhaust gas.36 
 
3.2.2.4 INTEGRATED GASIFICATION COMBINED CYCLE (IGCC) 
Integrated gasification combined cycle starts with a coal gasifier. The air and coal 
are mixed and reacted in the gasifier. Then, the syngas is transferred to the clean-up 
system. This step could remove the sulphide and NOx in the syngas. Finally, the clean 
syngas will be burned to produce energy by gas turbines with low air pollution. 
Meanwhile, the steam turbine is also used to produce energy. (Re-powering of steam 
turbine will be introduced in Chapter 3.3.1.2) The advantage of IGCC is mainly focus 
on reducing air pollution by SO2, NOx and CO2. It can also reduce the amount of 
                                                        
35 Fig 10 source: Wise County Site Chosen For Final Evaluation Of Future Clean Coal Power Station In Virginia, 
Dominion Electric News Release, May 11,2006, http://www.dom.com/news/elec2006/pr0511.jsp  
36 Copyright(C), Ministry of the Environment, Japan. Maintained by Global Environment Centre Foundation, CFB 
incinerator, http://www.gec.jp/WATER/data/water_16-5.html  
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particulates and waste water.37 
 
Figure 11, the concept of IGCC38  
 
 
 
In China, an IGCC power plant of capacity 300-400 MW has been constructed 
during these years. And the small scale IGCC power plant (3apacity 100MW-120MW) 
will be presented by U.S.-China Cooperation on FutureGen.39 
 
3.2.3 ECONOMIC COST 
The GDP (gross domestic product) increased rapidly during these 3 decades in 
China. Especially from 1980 – 2000, the average annual GDP growth rate was 9.6%40. 
The industrial and civil energy consumption was also climbing quickly. 
                                                        
37 Integrated Pollution Prevention and Control-Reference Document on Best Available Techniques for Large 
Combustion Plants, European Commission, July, 2006. 
38 Fig 11 Source: Highly efficient and clean Integrated Coal Gasification Combined Cycle (IGCC) power generation, 
http://criepi.denken.or.jp/en/e_publication/home343/Data343-1-e.html 
39 Committee on Energy Futures and Air Pollution in Urban China and the United States, National Academy of 
Engineering and National Research Council in collaboration with Chinese Academy of Engineering and Chinese 
Academy of Sciences, Energy Futures and Urban Air Pollution: Challenges for China and the United States, 
ISBN-10:0-309-11140-4,ISBN-13: 978-0-309-11140-9  
40 Economic Development and Energy Issues in China, Wei Zhihong, February 13-14, 2004, Tokyo. 
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Tab 341: Energy consumption in China (%) 
 
 
Coal combustion is the commonest energy producing method to get heat and 
power by manufacturing and power plants. Even though the percentage of coal 
requirement is decreasing, but the quantitative demands of coal is increasing science the 
total energy consumption increasing. Now China is the largest coal consumer all over 
the word that the Chinese coal production can not satisfy its own consumption demand. 
That causes the coal input deal from Australia to China. Meanwhile, the number of 
Chinese power generations grows extremely quick. For instance, in 2003, the new 
power plants were raised by two-thirds in a single year, the main use of coal jumped 16 
percent in from January till August. The coal and electricity specialist at the 
International Energy Agency (IEA) – Larry Metzroth warmed, after the Three Gorges, 
“there is no further large hydroelectric or nuclear power projects planned in China, the 
coal-fired power plants is going to pick up again after 2007”42. 
 
3.2.4 HEALTH EFFECTS 
Scientists have manifested that Chinese coal energy production to meet the 
demand for rapid economic growth has caused a rise in cancer and lung disease. This is 
both environment and social issues related air pollution by coal burning, which is 
                                                        
41 Tab 3 source: Economic Development and Energy Issues in China, Wei Zhihong 
42 Keith Bradsher, China’s Boom Adds to Global Warming Problem, 22, October, 2003, 
http://healthandenergy.com/china_burning_more_coal.htm 
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deteriorating health of Chinese population. “the death rate due to cancer in urban areas 
had increased by 6.2% and that of lung cancer by 18.5% since 1988”, according to a 
report from National Environmental Protection Agency named (NEPA) “The condition 
of China’s Environment”43 
In 1993, Chinese death rate was 6.64‰; one factor of death was respiratory 
disease in agricultural areas. In urban areas, one cause of death was cancer, and lung 
cancer accounted for 37 per 100,000. On the other hand, the total suspended particle 
reaches averaged 4.07×10-4 grams per m-3 per day in northern city areas, and 2.51×10-4 
grams in southern cities. Even some specific places reach as high as 8.15×10-4 grams. 
But World Health Organization safety guidelines has set the total suspended particles 
standard is between 60 and 90 micrograms. Obviously, Chinese situation is over two 
and three times higher than what is considered healthy comparing with WHO 
guidelines. 
For instance, in Xuan Wei County, Yunnan Province, lung cancer is one of the 
highest causes of death particularly in women. The local industries are mostly coal 
mining, electric power generation, light manufacturing, and farming. “The scientists 
determined that the presence of the alkylated three and four-ring PAHs (Polycyclic 
aromatic hydrocarbons) in the smoky coal which is extracted when the coal is burned is 
a significant factor in the high lung cancer mortality rates in Xuan Wei, China.” 43 
 
3.2.5 NATIONAL POLICY  
The reality of the coal combustion problems in china has been a serious challenge 
for the industry further development. And the pressures from the negative impacts on 
environment, social, human health and economic of the problems are apparent. The 
good thing is that Chinese government starts to work on reduce the problems and has 
vowed to improve the coal energy production efficiency in recent years, and the policy 
makers now are taking various actions such as legislation, environmental planning on 
                                                        
43 Ted case studies, China and Coal, http://www.american.edu/TED/chincoal.htm  
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coal combustion field. During the national 9th Five-Year Plan in 1997, the coal-fired 
power plants and other industrial boilers should use lower sulfur content coal to reduce 
the sulfur dioxide emissions. However the achievement was not very apparent, because 
the amount of coal with lower sulfur content is far least in China. During the national 
10th Five-Year Plan in 2002, China had released a new policy regarding the control 
emission of sulfur dioxide, which poses extreme threat to human health and contribute 
to acid rain, the new policy emphasizes on the reduction of sulfur dioxide emissions into 
air from coal production and combustion. The sulfur dioxide emissions should be 
reducing 10% by 2005 in a national level and 20% in specific local level.44 
Later in March 2002, the policy paper had released by the State Environmental 
Protection Administration, State Economic and Trade Commission and Ministry Of 
Science and Technology, which comprises the policy on energy use, especially on coal 
production and combustion. And the paper required the power plants and large-scale of 
industrial boilers that rely on the energy from coal combustion should install 
desulfurization equipment, and Small-scale plants should use high quality coals which 
can produce less sulfur dioxide during the combustion process. Meanwhile there are 
guidelines on the production requirements of desulfurization equipments related 
technological issues. Also the guidelines focus on the increase energy efficiency and 
cleaner combustion to achieve combined pollution prevention and the measurements 
control.44   
In 2007, the national 11th Five Years Plan states that China will still working on 
the reduction of air pollution from coal-fired power plants by investing up to $4.4 
billion in this plan duration. And the National Development and Reform Commission 
require the newly built power plants to install pollution control equipments, and the 
policy issued by the commission encourages building desulfurization power plants. 
Meanwhile the State Environmental Protection Agency has made some agreements on 
the reduction of air pollutant emissions with seven provincial governments and as well 
                                                        
44 Beijing Environment, Science and Technology Update for May 17, 2002, 
http://www.usembassy-china.org.cn/sandt/estnews051702.htm  
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as some of the nationals top energy production groups.45 
A series of the policy made by the government has apparent improved the 
situations of coal-fired power plants in China. In 2006, 57.6 gigawatts of power plants 
installed the sulfur-removal equipment, and in 2007, 34.47 gigawatts is being installed, 
in 2008, 28.75 gigawatts will be installed, as well as the last 12.78 gigawatts will 
installed by the end of 2009.45  
  
 
3.3 AVAILABLE BETTER TECHNOLOGIES FOR DECREASING AIR 
POLLUTION 
Coal as one of the primary energy sources, it dominates the energy production 
area in many countries. The widely application of coal has brought up very serious 
environmental problems such as the SO2 and carbon dioxide emissions. And in the 
energy planning sectors in many countries, coal will still be regarded as one of the 
priority options of resource selection for energy production. The problems and tendency 
have led to the discussion on the possibilities to increase environmental performance in 
coal combustion process by developing new technologies. And in recent years, there are 
some new combustion technologies being developed and applied in coal-fired power 
plants. The objects of such developments are to minimize the impacts of air pollution 
and increase coal combustion efficiency. Below is a general summary of the current 
environmental challenges, general technological response and status in coal-fired energy 
production. 
 
 
 
 
 
                                                        
45 Battling China's Sulfur Dioxide Problems, http://www.energytribune.com/articles.cfm?aid=529  
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Tab 446: Environmental situation of coal-fired energy production plants 
Environmental 
Challenges 
Technological Response Status 
Particulate Emissions 
Such as ash from coal 
combustion. Particulates 
can affect people's 
respiratory systems, 
impact local visibility and 
cause dust problems. 
Electrostatic precipitators 
and fabric filters control 
particulate emissions from 
coal-fired power 
stations.  Both have removal 
efficiencies of over 99.5% 
Technology developed and 
widely applied in both 
developed and developing 
countries 
Trace Elements 
Emissions from coal-fired 
power plant include 
mercury, selenium and 
arsenic.  They can be 
harmful to human health 
& the environment 
Particulate control devices, 
fluidized bed combustion, 
activated carbon injection 
and desulphurisation 
equipment can all 
significantly reduce trace 
element emissions.  
  
Technologies developed, 
commercialized and widely 
applied in developed 
countries. 
NOx 
Oxides of Nitrogen (NOx) 
are formed during the 
combustion process. Can 
contribute to smog, 
ground level ozone, acid 
rain and greenhouse gas 
emissions. 
NOx emissions can be cut by 
the use of specialized 
burners, advanced 
combustion methods, 
catalysts and 'selective 
non-catalytic 
reduction'.  Over 90% of 
NOx emissions can be 
Widely applied in developed 
countries, and although 
increasing in developing 
countries, could be more 
widely used. 
                                                        
46Tab 4: Environmental Impacts of Coal Use, http://www.worldcoal.org/pages/content/index.asp?PageID=127 
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removed using existing 
techniques. 
SOx 
Mainly sulphur dioxide, 
produced from the 
combustion of elemental 
sulphur present in many 
coals.  Emissions can lead 
to acid rain and acidic 
aerosols. 
Technologies are available to 
minimise SOx emissions by 
removing the gas from the 
waste stream or by using 
advanced power generation 
methods.  Emissions can be 
reduced by over 90%. 
Widely applied in developed 
countries, and although 
increasing in developing 
countries, could be more 
widely used. 
Waste from Coal 
Combustion  
Consists primarily of 
uncombustible mineral 
matter 
Waste can be minimised 
before (by coal cleaning) and 
during (using high efficiency 
systems) coal 
combustion.  Residual waste 
can be reprocessed into 
construction materials. 
Technologies are proven and 
continually 
improving.  Awareness of 
the recycling opportunities 
(e.g. the use of ash in 
cement making) is steadily 
increasing. 
Carbon Dioxide 
(reduction) 
Carbon dioxide is formed 
when fuels containing 
carbon are burnt, and is a 
significant greenhouse 
gas.  Progressively 
reducing CO2 is an 
essential element of a 
global response to the 
In the short to medium term, 
substantial reductions in 
greenhouse gas emissions 
can be made by increasing 
the efficiency of coal-fired 
generation. 
Coal-fired power station 
efficiencies greatly 
improved during the last 
part of the 20th century and 
with the further 
development of current 
methods will improve yet 
further. 
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risks of global warming 
and climate change. 
Carbon Dioxide 
(near zero emissions) 
Achieving near zero 
emissions of CO2 from 
fossil fuel based power 
offers the prospect of 
balancing growing energy 
demand with stabilising 
greenhouse gases in the 
atmosphere. 
Near zero emissions 
technologies enable the 
separation and capture of 
CO2 from coal-fired power 
generation for permanent and 
safe storage underground. 
CO2 separation, capture and 
storage is under 
development around the 
world with projects 
announced in the USA, 
Australia and Europe. 
  
However the application of those newly developed technologies has not yet been 
widely used across the world. In the developing countries, the old technologies are still 
used intensively. Those new and advanced coal combustion technologies most available 
in some developed countries. In the previous chapter, it directed Chinese coal-fired 
power plants face very serious problems of air pollution. But it is impossible so simple 
to apply all the best technologies in the Chinese coal-fired power plants, because there 
are some limitations of the application of those new technologies respect to Chinese 
power plants. The main limitation should be the more advanced technologies associated 
with high market price. If the cost of the technology application is too high, it will not 
be able to use widely in China. The best option is to retrofit the existing systems by 
using some improved technologies during the combustion process without building new 
power plants. The retrofitting of old coal energy production system will able to provide 
both economic and environmental benefits. It requires low investments and operating 
cost, this would be possibly to spread the technologies all over the country, however it is 
not as good as the best ones but it is still make a big step towards environmental 
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friendly and higher combustion efficiency comparing with the old one. So here are only 
going to talk about some retrofit technologies in coal combustion process.    
 
3.3.1 RETROFITTING 
There are many coal-fired power generation in China have just been set up for 
several years or in one decades. It will be a huge cost and a complex progress to make 
innovation consider with the Chinese situation both on economy and latitude. 
Meanwhile many new issues will occur to affect the coal energy production chain. So 
using some current technology to repair or change some old equipment and optimize 
existing power generation could be adverted to decrease the air pollution even solve the 
problem. That is what named “retrofitting.” 
 
Tab 547: Available technology to reduce air pollution in power plants 
 
P.S.: 3. Biomasseanvendelse på store kraftvæker: Biomass application in big 
power plants 
The list (see table 5) shows the current technology and some prospective 
technology to improve the LCA of air pollution for heat generating plant in Denmark. 
Even though most of the technologies should establish a new organization as a power 
                                                        
47 Tab 5 source: Danish Energy Authority, Technology Data for Electricity and Heat Generating Plants, ISBN: 
87-7844-502-7 (web edition: 87-7844-503-5) 
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plant, there are still several usefully and suitable retrofitting technologies could be used 
in China. 
The current technologies can be used to retrofit the old heat generating plants are: 
CO2 capture and storage, re-powering of steam turbines, gas turbines single cycle or  
combine cycle and other two systems that are not mentioned on the list --- coal 
re-burning system and coal preheat system. 
 
3.3.1.1 CO2 CAPTURE AND STORAGE 
The aim of CO2 capture and storage is to decrease the greenhouse gas emission 
directly. The commonest utilization of CO2 is for Enhanced Oil Recovery and aquifers. 
The CO2 is used on commercial way to fill the cavities after offshore oil recovery and 
the ground water usage. This technology has been demonstrated in USA. 
The CO2 could be captured in both pre-consumption and post-consumption during 
the coal usage in the generating plant. Coal gasification is one of the methods to capture 
the CO2 before the consumption but it is not suitable to be retrofitted. The most 
commercially technology is to absorb CO2 in an aqueous amine solution after 
combustion. That will be heated and the CO2 could release from the impregnant. The 
cost of separation CO2 is the highest in the whole technology chain: 20.5 €/ton and ten 
years later it will be 15 €/ton. After that, the CO2 will be dried, compressed and 
transported to the storage. This kind of technology could be retrofitted in existing power 
plants which are near by the offshore oil production plant. The cost of transport CO2 via 
the pipeline each 100 km is 2 €/ton. And the last task of CO2 capture is geological 
storage, it will cost 2 €/ton. So the total cost of CO2 capture and storage for distance in 
100 km is 30.2 €/ton and ten years later it will be 25 €/ton through the technology 
innovation.  
Meanwhile, the new power generation is setting up and the advanced equipment 
will never be stopped to use. The future of CO2 emission will be optimized compared 
with actuality. So the role of CO2 capture and storage facility can be associated as an 
accessory of the power plant in the future. 
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Fig 1248, Schematic of CO2 capture and storage 
 
 
On the LCA basis, the leaking risk of storage CO2 critically exists, even though 
the technicians claimed the risk is limited. So some monitoring is operating in Canada 
to develop the confidence and ensure the safety of CO2 injecting and storage. And 
meanwhile this technology is also developing by the Danish energy authority in order to 
inject the CO2 into a structure 800 meters below the seabed. That means it is possible to 
transport the greenhouse gas which is produced by coal combustion into the 
lithosphere’s extremity by a pipe in the future.49 
 
3.3.1.2 RE-POWERING OF STEAM TURBINES 
The steam turbine can be installed in any kind of gas turbine power plant. The gas 
turbines use the heat from combustion process and release the high-temperature exhaust 
gas. After retrofitting the steam turbine, the gas will be transferred into a heat recovery, 
which contains a lot of water. The steam can be produced in this heat recovery. It does 
not increase the combustion efficiency directly but one of the coal consumption 
                                                        
48 Fig 12 source: 
http://www2.nrcan.gc.ca/ES/OERD/images/cmimages/pi_graph_01225ITQ-1022002-970835NTD-2132006-2910.gif  
49
 Danish Energy Authority, Technology Data for Electricity and Heat Generating Plants, ISBN: 87-7844-502-7 (web 
edition: 87-7844-503-5) 
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productions -- steam could be utilized more after the turbines are restored. The turbines 
can startup to support re-powering the power generator by high-pressure steam which is 
produced by the exhaust gas. Figure 13 is an example for re-powering of steam turbines 
in an IGCC power plant. 
 
Fig 1350: Schematic of steam turbines 
 
 
The steam turbine technology has been used in industrial co-generation for many years 
because of its high reliability and availability. It is equipped coordinate with another 
kind of generator. The environmental benefits increase stably during the coal or other 
fuel combustion reducing. The electricity efficiency will be increased 1% directly by the 
usage of the extra turbine. A modern PC plant with FGD and the steam cycle will exert 
electrical efficiency of 40%. The cost advantage will be based on its new capacity. 51 52 
 
3.3.1.3 GAS TURBINES SINGLE CYCLE OR COMBINE CYCLE 
Gas turbines are unattached equipment, which is linked directly with the generator. 
                                                        
50 Fig 13 source: About IGCC power plants,  
http://thefraserdomain.typepad.com/energy/2005/09/about_igcc_powe.html.   
51
 Danish Energy Authority, Technology Data for Electricity and Heat Generating Plants, ISBN: 87-7844-502-7 (web 
edition: 87-7844-503-5) 
52 Integrated Pollution Prevention and Control-Reference Document on Best Available Techniques for Large 
Combustion Plants, European Commission, July, 2006.  
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It can be equipped alone or with an exhaust gas boiler or steam turbine. So there are two 
forms of gas turbines: single cycle and combine cycle. Normally, the single cycle gas 
turbine combusts syngas, which is produced by coal gasification to produce energy. But 
the combine cycle gas turbine (CCGT) should be installed with a power producing 
steam turbine side by side. Because the steam turbine is the primary generator form of 
the PC plants, so CCGT is a technology especially for the PC plants. The combine cycle 
gas turbines require the liquid fuel such as gas and oil. The compressor and the 
combustion chamber inside the turbines consume the combustion air and fossil fuel. The 
output of gas turbines will be electricity and high temperature exhaust gas. That means 
both of gas turbine and CCGT can produce power and heat in the same time. If the heat 
of the exhaust gas could not be used as a kind of output, the efficiency of the turbines 
will directly decrease. But the heat should be found in the exhaust gas after the fuel 
combustion. 
. However, there are some limitations for these two forms of gas turbines. That is 
mostly about the cost for the plants. The cost of construction and operation for CCGT in 
a small-scale power plant is almost the same as a big scale power with CCGT. But the 
amount of energy production is much lower for the small scale plants. The same price 
for different energy capacity could make a strategy: CCGT should be installed in all of 
the big scale coal-fired power plants, but we should consider carefully on using CCGT 
in the small scale coal-fired power plants 
 
 
 
 
 
 
 
 China’s Coal-Fired Power Plants And Environment 
- 38 - 
 
Fig 1453: Schematic of CCGT 
 
 
According to the dimension of most power plants, CCGT has been used for a 
decades and is still improving. It is the most common technology that the modern firing 
power plants are using now. The high temperature exhaust gas will mix with the liquid 
or gaseous fuel. After the combustion of the mixtures, the green house gas especially 
NOx will be much less than before. Even though it is concentrating on decreasing NOx 
emission, the other greenhouse gases emission is also decreasing during the exhaust air 
reusing. 
The cost of a single gas turbine cycle should from 0.57 to 0.86 M€/MW and the 
fixed investment is around 8000 €/MW/year. And for CCGT, the cost is from 0.35 to 
0.70 M€/MW and 10000 €/MW/year. The Operation and Maintenance (O&M) costs 
will be 1.5 €/MWh (For large scale power plants). The electricity efficiency is between 
55% and 60%. So from economic point view, CCGT is more recommended. For 
instance, an overall electrical efficiency of a natural gas fired CCGT power plant could 
be 52%. 54 55 
 
                                                        
53 Fig 14 source: Combined Cycle and Cogeneration Facilities, 
http://www.total.com/en/group/activities/upstream/gas_power/electricity/cogeneration_1871.htm  
54
 Danish Energy Authority, Technology Data for Electricity and Heat Generating Plants, ISBN: 87-7844-502-7 (web 
edition: 87-7844-503-5) 
55 Integrated Pollution Prevention and Control-Reference Document on Best Available Techniques for Large 
Combustion Plants, European Commission, July, 2006.  
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3.3.1.4 RE-BURNING 
 
The sticking point of this technology is to create an extra furnace after the 
primary combustion zone. This can not increase the combustion efficiency, and it is 
mainly focusing on preventing NOx emission.The figure below shows the schematic of 
fuel re-burning system. 
  
Fig 1556, Schematic of fuel re-burning system 
 
In the primary combustion zone, 80% to 85% of the coal is burned and the 
atmosphere contamination will be reacted with the hydrocarbon, which is produced by 
the fossil fuel (PC, oil, gas) in the secondary zone (re-burning zone).57 This will 
achieve NOx emission decreasing. 
 
3.3.1.5 COAL PREHEAT 
This technology is suitable for the pulverize coal combustion system (PC). The 
arch-fired burner is specific for the PC system because of the pre-heat nozzle for the 
coal powder. Then temperature of coal will be increased before it burns and the flame 
can be stability. That means this is a preheat nozzle retrofitted by an early vertically 
                                                        
56 Fig 15 source: Integrated Pollution Prevention and Control-Reference Document on Best Available Techniques for 
Large Combustion Plants, European Commission, July, 2006. 
57 Integrated Pollution Prevention and Control-Reference Document on Best Available Techniques for Large 
Combustion Plants, European Commission, July, 2006.  
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fired system to increase the burning efficiency. So during the fuel combustion efficiency 
increasing and fuel reducing, the cost of pre-heat nozzle loading could be ignored. 
 
Fig 1658, Schematic of coal preheat system 
 
This figure illustrates the difference between before an AF cyclone burner fuel 
nozzle retrofitting and after. It is evidently that the structure of the equipment is not 
changed so much. The “core” is helpful for some of flame to penetrate the nozzle to 
pre-heat the mixture of air and pulverize coal.59 
 
 
 
3.4 BRIEF SUMMARY OF THE CHAPTER 
We evaluated the different environmental effects through coal energy production 
LCA, and the result showed coal combustion is the most influence part of the chain, so 
we put our attention on this part. Then we investigated the current situation of Chinese 
coal combustion from different concerns, that include environmental impacts, Chinese 
                                                        
58 Fig 16 source: Integrated Pollution Prevention and Control-Reference Document on Best Available Techniques for 
Large Combustion Plants, European Commission, July, 2006. 
59 Integrated Pollution Prevention and Control-Reference Document on Best Available Techniques for Large 
Combustion Plants, European Commission, July, 2006.  
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coal combustion technologies, economic cost, heath effects and national policy. After 
analyzing, it is suggested that Chinese coal fired power plants should improve its 
environmental performance, so we introduced the available better technologies, that 
focus on decreasing air pollution might be applied in Chinese coal fired power plants 
through retrofitting process, these technologies we have mentioned in our project are 
CO2 capture and storage, repowering of steam turbine, CCGT, re-burning and preheat. 
In the next chapter, we will discuss the possibilities of applying those technologies in 
Chinese coal fired power plants from different prospects. 
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Chapter Four: DISCUSSIONS  
The applications of new technologies are always accompanied with some debates 
about the pros and cons. However in our case, we believe the right selection of 
technologies for Chinese coal-fired power plants will enhance the developments of the 
industry, so in the discussion part, we are going to discuss the possibility of different 
technologies which can be applied in the Chinese coal-fired power plants, the discussion 
will follow the concept of eco-efficiency through the comparison of the economic and 
environmental influence. Furthermore, we are going to investigate the social influence 
of technologies applications, which also will lead the potential policy adjustments. 
Finally, the discussion part will end up with the analysis of the uncertainties and 
possible errors made by us throughout the project work.   
 
4.1 ECONOMIC CONCERNS OF APPLYING RETROFITTING 
TECHNOLOGIES 
Since the beginning of 90s last century, China’s economy has developed rapidly, 
and one of the result of the economic development is the increased demand of energy 
consumption. To meet the demand, China has built many power plants for generating 
electricity or heat. However the Chinese economy is still developing very fast, the 
pollution from the power plants is also increasing. According to China’s economic 
situation now, the cost for decreasing air pollution released from those power plants 
should not too high, because the average lifetime for a coal-fired power plant is about 
30 years, it is not beneficial to spend a lot of money to improve a short lifetime 
coal-fired power plants. Another reason is the international tendency of energy 
consumption area has shifted from fossil fuel energy resources to renewable energy 
resources. We also noticed that Chinese government is promoting to use renewable 
energy in a sustainable way in a long term prospective. So in a short term, the cost is an 
important factor to make decisions for how the air pollution should be minimized during 
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coal combustion. 
If the old coal-fired power plants are stopped and the consumption of coal is only 
concentrated on new plants, the cost will be accounted based on both demolishing the 
old ones and setting up the new ones. This strategy is absolutely not only fit to China’s 
economic situation. Another argument is about cleaning up the old power plants would 
require large human resource and investment from the governments. Meanwhile, the 
advanced technology will never be stopped to develop. It is impossible to always follow 
the newest technologies.  
Based on the economical limitation in China, to renovate some parts of the old 
power plants that can increase the combustion efficiency and decrease the environment 
negative impacts supremely could be a suitable way. As the project has mentioned 
before, the recommended scheme is to make some different kinds of retrofit in the 
existing coal-fired power plants. Some of the retrofit technologies such as CO2 capture 
and storage, re-powering steam turbine, CCGT, re-burning and preheating have been 
introduced before. Here is some discussion basic on economic overview below. 
2.2 billion ton of coal is combusted in China every year now. Refers to burning 1 
ton of coal and 2.49 ton of carbon dioxide will be released, the total CO2 emission is 
around 5.5 billion ton per year. We have mentioned before that the total cost of CO2 
capture and storage is 0.302 €/ton/km and ten years later it will be 0.25 €/ton/km 
through the technology innovation. (Chapter 3.3.1.1) So in total, 1.375 euro per km 
distance can be cost by Chinese government to work on CO2 capture and storage every 
year in this moment. The annual revenue of Chinese government is around 260 billion 
euro.60 After comparing the total cost for capture and storage CO2 per year and annual 
revenue for China, the possible advice is: it is not necessary for the Chinese government 
to put their attention on large amount of CO2 capture and storage in recent period. 
The most common coal-fired power plants in China are formed in pulverized coal 
combustion (PC). The combination of PC, FGB and re-powering steam turbine could 
                                                        
60 Ministry Of Finance People’s Republic Of China, http://www.mof.gov.cn/english/english.htm 
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increase the electricity efficiency directly. The key of the usage for this technique is 
focus on the cost is either high or low. According to the introduction of the steam 
turbines in Chapter 3.3.1.2, the expenditure of the re-powering steam turbine is not so 
high with its longevity.  
The investment for CCGT could be calculated as the price of installing (0.35 to 
0.70 M€/MW and 10000 €/MW/year), fixing and O&M (1.5 €/MWh), which has been 
mentioned in Chapter 3.3.1.3. The price of electricity in China is about €40 per 
megawatt-hour61. For a 300 MW CCGT plant, it is possible to produce 300 MW per 
hour. That equals 12000 euro could be earned in one hour by CCGT. If the assumed 
operating time is 6000 hours every year, the gross income for one year could be 72 
M€/year. Compare with the income, the investment for CCGT could be ignored. 
Moreover, the technical lifetime of CCGT is about 30 years. 
As we have mentioned, the re-burning system is not designed for increasing 
combustion efficiency like CCGT. It focuses on decreasing air pollution. The economic 
income by operating this facility could only be similar with an ordinary generator. But 
the extra spending is ineluctable such as installation and O&M. 
The most inexpensive and simplest technique should be coal preheating. The 
innovation of a small accessory with a low cost in the plant should be necessary. 
Now we have talked about the economic perspective during the coal-fired power 
plants using the available technologies. Then, we should also think about the 
environmental impacts from these techniques. 
 
4.2 ENVIRONMENT IMPACTS OF APPLYING RETROFITTING 
TECHNOLOGIES 
Because the environmental problems coursed by coal-fired power plants mainly 
from coal combustion process, the problems include particulate matter emissions, NOx 
emissions, SO2 emissions and CO2 emissions. Those problems are getting worse 
                                                        
61 China Raises Electricity Retail Prices, http://china.org.cn/english/2006/Jul/173343.htm  
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especially in China day by day; it is an urgent task and must take some actions in China 
to reduce such environmental crisis. Since there is no possibility to stop consumption of 
coal as energy production resource and it is unrealistic to input all the BATs (best 
available technology) based on the Chinese current situation. Therefore the suitable 
technologies to reduce or prevent the problems will be the brilliant ones to apply.  
There are some possibilities to increase coal-fired power plants environmental 
performance, such as the increase of coal combustion efficiency, since we know that the 
coal combustion process is the dominant factor in the energy production at power plants. 
If coal combustion efficiency is increased, then it will require fewer raw materials to 
produce the same amount of energy, we can also explain such as with the increased coal 
combustion efficiency, the same amount of coal can produce more energy. Hence the 
pollutants from coal combustion process will also be decreased with high burning 
efficiency compared to the lower efficiency.  
Therefore the environmental benefits of raising coal combustion efficiency 
consist of lessening raw material requirement, generating more energy and less harmful 
elements. As we have mentioned the technologies that could be possibly implement in 
Chinese coal fired power plants include coal preheating, re-powering steam turbine and 
CCGT. The advantage of coal preheating is to enhance the coal combustion efficiency, 
as well as steam turbine and CCGT. The technology of re-powering steam turbine will 
increase 1% coal combustion efficiency, if we combine the technologies of repower 
steam turbine, PC and FGD, then it can increase coal combustion efficiency up to 40%, 
from the previous chapter we knew that currently Chinese coal fired-power plants are 
very popular with the technologies such as PC and FGD, and the average coal 
combustion efficiency in China is about 37%. So if we implement repower steam 
turbine technology with existed technologies of PC and FGD in Chinese coal fired 
power plants, the efficiency will likely increase at least 3%. The technology of CCGT 
does not require the combination of PC and FGD; it is able to gain max efficiency up to 
60%. But the installation process is more complicate than repower steam turbine. The 
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technology of coal preheating is also able to raise the efficiency, though we could not 
find out the exact increased efficiency rate.  
Another method to increase coal-fired power plants environmental performance is 
pollution control. Application of Re-burning technology will decrease greenhouse gases 
emission and sulfur dioxide emissions. These two types air pollution are very hazardous, 
greenhouse gases play significant role on affecting global temperature and another is 
very dangerous for animals and plants. Despite the advantages on environmental impact, 
the main problem of applying the technology will be the lacking of increasing coal 
combustion efficiency function. CO2 capture aims to solve CO2 problem. The 
application of CO2 capture on power plants will lead the industry to zero CO2 emissions 
no matter how many coal are consumed. And the vast amount of oil plants in China will 
guarantee there is enough space for storage. If we leave the economic concerns, CO2 
capture will be one of the best methods to solve the air pollution problem in China from 
coal-fired power plants. But zero emission of CO2 is still under research and 
demonstration. So this available technology is the best choice to solve the carbon 
dioxide problem completely. From other hand, this technology refers to the end of 
pipeline for dealing the wastes from the coal energy production chain. That means it can 
not affect the combustion efficiency before. The CO2 emission still exists before it is 
captured. This cannot solve the essential problem. 
Both coal combustion efficiency increase and pollution controls are methods to 
decrease environmental negative impacts from power plants. From previous analysis, 
we know that increase 1% of coal combustion efficiency will lead to decrease 2% air 
pollutants release into atmosphere. However pollution control is more emphasis on the 
direct reducing air pollutants from coal combustion without the requirement of 
increasing coal combustion efficiency. In environmental point of view pollution control 
is the ideal method to deal with air pollution from coal-fired power plants, but we also 
have to face the economic concerns meantime in China that not only just environmental 
aspect.     
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4.3 ECO-EFFICIENCY MANAGEMENT AND RETROFITTING 
From previous part, we have learnt that the purposes of Eco-efficiency application 
in industry area are to achieve the goals of increasing energy production efficiency and 
decreasing the negative impact on the environment. Eco-efficiency as mentioned before, 
seven elements that include in the eco-efficiency are save natural resources, save energy, 
emit less harmful substances, look for more recycling, use renewable resources, look for 
long lasting products and look for use-full, efficient products. And the goals of 
application of Eco-efficiency in our case should be achieve the elements of save natural 
resources and energy, through increase of coal burning efficiency in coal-fired power 
plants. This related to the third element of emit less harmful substances. And the dealing 
with the wastes from coal combustion process will follow the fourth element of looking 
for more recycling.  
For our case it is not relevant with the fifth, sixth and seventh elements of 
eco-efficiency (use renewable resources, look for long lasting products and look for 
use-full, efficiency products). As we mentioned in our project, there are several 
available technologies that focus on retrofitting of existing coal-fired power plants, and 
one of the technologies is carbon dioxide capture which focusing on the pollution 
control. All of those technologies we have chosen are able to retrofit the Chinese power 
plants based on their current energy production facilities. However we should analysis 
them to get an adaptive solution for retrofitting the power plants, since those 
technologies may have different financial requirements and complication of installation 
processes, but almost of them have the same abilities of accomplishing the goals. If we 
wish the majority could accept one technology, we have to consider their economic 
capacity, which play a vital role in choosing the new technology. 
Firstly, the discussion of the methods is the CO2 capture and storage. As 
mentioned before, that could not be relevant with the increasing of combustion 
efficiency but for waste treatment. The economic benefit is also slight both for the 
power plants and Chinese government. Implementing eco-efficiency management on 
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coal-fired power plants is to gain higher energy generation efficiency with less 
environmental negative impacts, and attempt to reuse or recycle the wastes produced 
from the coal combustion process. Namely, this only related to do with the wastes 
during the process of this technology. The target is only concentrated on the air 
pollution control even though it also includes the solution for caves reuse after oil and 
gas extraction. Another technique is also focus on the treatment of the wastes which 
mentioned before is re-burning. So the usage of these technologies should be 
circumspection and obeys the current economic and social perspective. 
After the comparison through both the economic and environmental points of 
view, some high eco-efficiency technologies have also been presented. CCGT, 
re-powering steam turbines and retrofitting of a preheat puzzle are congruent the 
requests of eco-efficiency. And after understanding the different purpose and effect of 
these techniques in a power plant, it is also possible to conclude these technologies that 
can be used as in combination form at the same time. The eco-efficiency could be 
geminated even more through the multiple usages of the equipments. That means the 
polluted air emission could be decreased more than before. And the consuming of coal 
could be decreased much more than an original coal-fired power plant, which is without 
any advanced technologies. Otherwise, the low eco-efficiency technologies could also 
be used under the high eco-efficiency ones. These combinations could decrease the air 
pollution maximum but do not affect so much on the economic investment. 
 
4.4 SOCIAL RESPONSE AND POLICY ADJUSTMENT  
In recent years, the Chinese have started to realize the importance of environment 
in their social life. And the public begins to join some environmental debates and 
discussions. The public involvements and responds in some environmental conflicts are 
one of the main events for environmental justice movement (EJM) and the evaluation of 
environmental valuation (EV). EJM and evaluation of EV in China will help the public 
to accept the outcome of environmental decisions. 
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The problems that Chinese coal-fired power plants are facing have been attracted 
attentions from the public; the raised public’s attention is the basic reason for the 
government and the power plants owners to think about the possible way to reduce the 
problems. And the conflicts exist between the public and coal-fired power plants in 
China are the pollution from the energy production and economic development. To 
decrease the air pollution from coal combustion process meanwhile gain economic 
benefits is the key for the industry’s future development; it also will reduce the negative 
feedback from the public. From the EV point of view, the application of retrofitting on 
the old facilities will result both economic and environmental benefits, therefore public 
will have good positive feedback from the action. The support from the public will 
enhance the cooperation with the government and improve their own behaviors; it will 
also push the policy makers to adjust the policy by putting more environmental 
consideration into their further work from local to national levels.  
Chinese policy adjustments are mainly made during the national’s five-year plan; 
the national’s five-year plan is the plan for next five years of economic, technological 
and social development. As we have seen that the environmental issues on air pollution 
control have become one of the new topics in the national’s plan, which have been made 
in recent decades. The policy decision on environmental issues has to weighing different 
values from economic, environmental aspects and social impacts, to make an achievable 
goal for the national’s development. And the case of coal-fired power plants retrofitting 
in China will demonstrate the economic and environmental benefits if it is success. The 
successful cases of environmental modification will be the evidence of the outcomes of 
the right policy decisions. 
 
4.5 UNCERTAINTIES AND ERROR ANALYSIS  
In this project, it is also need to consider the uncertain factors and some 
unavoidable errors. The discussion is basic on the knowledge, which was obtained in a 
short time. Due to the limited time, the information of Chinese situation may be not 
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enough for giving a mature analysis above. And the available coal combustion 
techniques that have been presented in this project are just several common methods 
both in China and the world. We believe there are available techniques more than what 
we have mentioned here. So the technologies part of the project could not be 
comprehensive enough to represent all the available technologies. Also based on the 
special situation in China, economic development, coal energy distribution, national 
policy, the analysis must follow the local condition. For these reasons, discussion just 
can be consider to the currently tendency, or a brave thinking.  
For example, the CHP (co-generation of heat and power) power plant can produce 
both electricity and heat. It is a co-generation system. There are lots of advantages: such 
as heat and ratio can be varied, high total energy output, wide range of plant sizes 
available, any type of fuel can be used, and so on. Combined cycle gas turbine (CCGT) 
is one of the technologies, which could be used in CHP. But there are still some existing 
limitations during the usage of CCGT. Because of China’s large mainland, the climate in 
China is various, some places are warm from spring to winter, and even there is no 
winter, like all summer in the whole year. In those areas the CHP power plant may not 
be an ideal form to build with higher cost than other plant. The technologies will be 
available to use in China can simply analyze not only on some certain factors but also 
uncertainties. 
Some analysis error may be occurred as the old data, which may not be updated in 
time. And number of China’s information from website cannot totally be demonstrated. 
There is not a demonstration system to prove the huge information is all perfect and 
correct. Generally, most of information used in the project is from certificated 
documents. And technological knowledge may be a little difference because of various 
analysis and discussion angles. All these factors above can become a part of uncertainty 
and error of the project.    
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Chapter Five: CONCLUSION  
Energy is the basis of world promoting and the primary requisite factor to supply 
modern life. However, under the concept of conserving energy resource, lots of 
renewable energy such as hydrogen fuel cells, solar energy and wind energy are 
considered to be more and more important, coal energy is still a main fossil fuel to 
supply the life demands which is widely used for generating electricity and industrial 
processes.  
Also in China, large percent of electric power is coming from coal-fired power 
plant. And the meantime, lots of the environment issues in China caused by burning coal 
are existed during the centuries. One reason is the huge amount of consumption, and 
another is the low combustion efficiency. Due to the poor economic situation in China, 
and the immature national policy during the industry-developing period, most of 
coal-fired techniques were low efficiency for combustion processes used by industries. 
Until now, those techniques are still used in some plants. It is not a sustainable 
development either for industry or environment.  
According to China’s present condition, most importance in coal industrial 
process is how to improve the efficiency of coal combustion at the same time reducing 
the environment impacts. This report is based on coal energy production chain, which 
involved production, transportation, combustion and wastes. Combustion part is a main 
source of environmental problem as air pollution in specific power generation sites.  
Under the China’s economic situation and the pressure from environmental crisis 
on coal-fired power plants, the eco-efficiency is the basic approach for the future 
sustainable development. It helps the industry’s future development in both economic 
and ecological aspects. The economic and ecological benefits will help the industries’ 
development based on the support from social and political manner. So in our 
discussion, we used eco-efficiency as the tool to assess the possibilities of reducing air 
pollution in Chinese coal-fired plants based on China’s economic capacity. To achieve 
the goal of eco efficiency in Chinese coal fired power plants, one of the solutions will 
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be technological retrofit. Retrofitting Chinese coal fired power plants will raise 
combustion efficiency, which sustaining the demands of eco-efficiency in Chinese coal 
fired power plants become realistic. On the economic overview, it does not need too 
much investment comparing with building a new plant, and can give a good 
improvement of pollution suitable for ecological prospect. From the discussion of 
different retrofitting technologies, we think all those technologies are designed to 
improve the industries environmental performance. The different retrofitting 
technologies have different advantage and advantages; it is beneficial to have the 
combined usage of different technologies. If we assume all of the technologies are used 
on the same time, the polluted air emission could be much more decreased than before.  
The application of retrofitting technologies will increase coal combustion 
efficiency, if we produce the same amount of electricity, which compare with before, it 
will lead to the decrease usage of coal, and the decrease usage of coal will ensure the 
cost of the energy production not increased much. Of course, this ideal stage should be 
reached through the social, political and economic support. At first, we thought it was 
possible to find out a best technology for reducing air pollution caused by coal fired 
power plants in China, but after investigation and discussion we found out that the 
actual application of the technologies in China will face series problems such as the 
economic backup, local requirements and variation of topography and climate. It is 
unpractical to find a best technology for all the bad power plants all over the country. 
Therefore we conclude that there are possibilities to reduce the air pollution by 
retrofitting in Chinese coal fired power plants; however the actual local situation will 
decide which one of the technologies is the most suitable to meet the specific 
requirements. The wide use of advanced retrofitting technologies should be promoted 
through the international co-operation, social awareness and supply from both 
government and economy.  
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PERSPECTIVES 
Through this project we have been looking for the best and acceptable solution 
for Chinese coal fired power plants to increase their environmental performance. If 
those mentioned technologies could implement in really cases, we would say it is a step 
further towards environmental friendly management for the industry in China. In an 
idea result this will not only decreases air pollution problem, but also gain economic 
benefits.  
However in the future energy consumption planning area, Chinese government is 
on the way to developing renewable energy production technologies and promoting to 
use renewable energy as the much as possible, coal is still occupying very important 
position in fossil fuel energy production area in China, since China is one of the biggest 
coal reserve countries in the world and coal is much cheaper natural resource compare 
with oil and nature gas. Meanwhile China is looking for the most advanced coal energy 
generation technologies to help the industry meet high environmental requirements. For 
example, one of the biggest Chinese energy production groups named LUNENG 
GROUP has been cooperated with the world’s leading clean energy producer DONG 
energy from Denmark in 2004.62 And China also joins the FutureGen program with 
USA. FutureGEN is a government-industry partnership supported by the energy 
department of US. One of the tasks of the program is focusing on clean energy produced 
from coal63. All of those actions indicate China has realized its environmental problems 
and trying to solve the problems.  
With rapidly economic development, China will able to invest more in the 
environmental protection area. The combination of input new technologies for coal 
combustion together with renewable energy development, we believe the future 
environmental situation in China will be getting batter. 
                                                        
62
 China news, http://www.china.com.cn/zhuanti2005/txt/2004-06/03/content_5578315.htm  
63 Committee on Energy Futures and Air Pollution in Urban China and the United States, National Academy of 
Engineering and National Research Council in collaboration with Chinese Academy of Engineering and Chinese 
Academy of Sciences, Energy Futures and Urban Air Pollution: Challenges for China and the United States, 
ISBN-10:0-309-11140-4,ISBN-13: 978-0-309-11140-9 
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